Congenital high airway obstruction syndrome is a rare fetal anomaly with characteristic constellation of prenatal findings on ultrasound and MRI. The typical triad of imaging features are enlarged and echogenic lungs, flattening or inversion of diaphragm and fetal hydrops. Early prenatal recognition of congenital high airway obstruction syndrome by ultrasound and/or MRI is mandatory for the appropriate perinatal management. We report a case of a male fetus with typical imaging findings of congenital high airway obstruction syndrome on ultrasound and MRI at 19 weeks of gestation. The role of contrast radiographs of fetal airways, including retrograde laryngogram, in confirming the postnatal diagnosis of this fetal condition is demonstrated. The prenatal imaging findings were correlated with contrast radiographs of upper airways, sonography of aborted fetus and fetal autopsy findings.
abnormally dilated trachea and bronchi with sharp proximal cut off at the level of larynx [Fig 6, 7, 8] . The airway obstruction was confirmed at the level of larynx, with absence of any extrinsic lesion. Polyhydramnios and thickened placenta (measuring 38mm in maximum thickness) were present [Fig 1a, 7, 8] . A prenatal diagnosis of CHAOS with intrinsic obstruction at the level of larynx was made. The parents were counseled in detail about the condition. An option of ex utero intrapartum treatment (EXIT) procedure for near term management of fetal airway was proposed but was declined by the parents. In view of poor prognosis of the clinical condition, the parents chose to terminate the pregnancy. Medical termination was performed by labor induction using misoprostol at 20 weeks of gestation. The patient delivered a stillborn male child weighing 370 gram with gross distention of abdomen. Post mortem radiograph of the aborted fetus demonstrated opaque thorax with splaying of rib cage [ Fig 9] . Contrast radiographic study of fetal airways was done post mortem to confirm the exact level of airway obstruction. 5ml of Iohexol (350mgI/ ml) was introduced into the oral cavity of the fetus with infant feeding tube. Anteroposterior and lateral radiographs of cervical region showed normal contrast filling of pharynx, with an abrupt cut off at the distal end of pharynx. There was lack of contrast filling distal to pharynx suggestive of obstruction at that level [Fig 10a,  10b] . Retrograde laryngogram was performed to assess the complete length and degree of stenosis by introducing contrast into the fetal upper airway in a retrograde manner via trachea. Fetal trachea was identified on ultrasound and another 5ml of iohexol was injected into the fetal upper airways via trachea under sonographic guidance. Trachea showed dilatation with abrupt proximal cut off. Review radiographs revealed a complete lack of contrast filling in the region of fetal larynx, giving an hour glass deformity on retrograde laryngogram [ Fig  11a, 11b] . A diagnosis of complete laryngeal stenosis was made. A sharp border between occluded larynx and dilated tracheal column below was demonstrated [Fig 11a, 11b] . Ultrasound of fetal cervico-thoracic region demonstrated stenosis over a cephalo-caudal length of 5mm located proximal to trachea [Fig 12] . Fetal ascites, pleural effusion and dilatation of trachea were confirmed [Fig 13a, 13b] . Real time ultrasound revealed an additional finding of tracking of contrast into oblique, blind ending channels via pharynx raising a possibility of developing pharyngo-tracheal/ laryngotracheal communication channels [Fig 14] . Fetal laryngoscopy revealed normal vocal cords, with laryngeal stenosis noted distal to vocal cords, suggesting a possibility of subglottic laryngeal stenosis as the underlying cause of CHAOS. Fetal autopsy was done after taking a proper consent and revealed abnormal cricoid cartilaginous ring, hard on palpation and having elliptical shaped morphology (long axis oriented along the anteroposterior plane) and no perceivable lumen [Fig 15a,  15b] [6] . Fetal autopsy in our case revealed the presence of elliptical shaped cricoid cartilage with its long axis oriented in anteroposterior plane. Genetic etiology of elliptical cricoid ring is unknown [7] . Embryologically, as per Frazer theory, the cricoid cartilage normally obliterates its lumen completely at seven weeks of gestation. A failure of adequate recanalization of the larynx at 9-week embryo stage results in subglottic stenosis [6, 7] . Most cases of typical CHAOS are sporadic, however few cases in literature suggest autosomal dominance [8] . CHAOS may occur as a part of Fraser syndrome which is a rare, recessive congenital malformation characterized by cryptophthalmos, syndactyly and urogenital defects [9] . Other genetic syndromes associated with CHAOS are short rib polydactyl syndrome, VACTERL syndrome, chromosomal abnormalities such as deletion of chromosome 5p, partial trisomy 5 and partial trisomy 16q [8] . Antenatal diagnosis of CHAOS in a fetus thus entails genetic counseling and management of further pregnancies. The fetus in our case lacked any additional anomalies, thus excluding a syndromic association.
Clinical & Imaging Findings:
Diagnosis of CHAOS is usually made on ultrasound between 18 to 31 weeks of gestation, with a recent case reported as early as in 15 weeks of gestation with transvaginal sonogram [3] . The prenatal imaging diagnosis of CHAOS is inferred from secondary changes as enlarged and echogenic lungs, flattening or inversion of diaphragms, fetal ascites and dilated distal airways [1, 5] . Findings of CHAOS on prenatal ultrasound indicate complete/near complete obstruction of upper airways. The congested lungs cause mediastinal compression and lead to increased intrathoracic pressure, resulting in impaired cardiac filling, fetal cardiac failure, placentomegaly, ascites and non-immune hydrops. The echogenic appearance of lungs on ultrasound is attributed to the increased number of tissue fluid interfaces. Fetal heart assumes a more central position due to voluminous lungs. Because of a difficulty in swallowing amniotic fluid, most cases of CHAOS are associated with polyhydramnios, attributable to obstruction of esophageal clearance of amniotic fluid by the enlarging lung mass. Features of CHAOS on ultrasound are diagnostic, however fetal MRI provides better detail of the degree and location of airway obstruction [5, 10] . With its large field of view and high soft tissue contrast, fetal MRI has an advantage over ultrasound in detailing exquisite definition of fetal anatomy and facilitating treatment plan [5, 10] . Retrograde laryngogram is a contrast radiographic procedure for accurately confirming the level and degree of laryngo-tracheal obstruction. An interesting finding in our case was the oblique tracking of contrast into the blind ending channels posteriorly at the level of the pharynx, noted during contrast injection under ultrasound guidance. This can be explained by the presence of minor posterior fistulous communications, as also described in the past in laryngeal atresia [1] . Recent reports in literature have suggested spontaneous development of pharyngotracheal/ laryngotracheal channels resulting in regression of hydrops fetalis in some cases of CHAOS [10, 11] .
However, the presence of communication channels could not be confirmed on contrast radiographs in our case.
Treatment & Prognosis:
Early diagnosis of this condition guides the parents in decision making whether to terminate the pregnancy, opt for fetal delivery with ex-utero intrapartum treatment (EXIT) procedure or to continue the pregnancy with no fetal intervention [11, 12] . In EXIT procedure, the fetus is partially delivered by cesarean section and undergoes intubation or surgical procedures while the placenta and umbilical cord remain intact. EXIT procedure allows for increased survival rates in fetuses with CHAOS, however, entails a significant risk of brain damage or permanent tracheostomy. Fetoscopic deobstruction is another form of fetal therapy in select subsets of upper airways obstruction [13] . Cases of CHAOS with normal larynx and isolated upper tracheal obstruction may benefit from fetoscopic surgery [13] . In emergency situation, neonatal tracheostomy is considered.
Differential Diagnoses: 1. Bilateral congenital cystic adenomatoid malformation (CCAM Type III) is a fetal lung condition that closely mimics CHAOS on imaging. CCAM is a main non airway obstructing lesion usually lobar, mostly left sided and does not involve the entire lung, hence will show a compressed lung rim, not seen in CHAOS [14] . Bilaterality in CCAM is very rare (2%). Fetal hydrops in CCAM is uncommon (5%). In CCAM, in sharp contrast to CHAOS, fluid flow can be demonstrated in trachea during fetal breathing [2,14]. Identification of dilated tracheobronchial tree is a diagnostic feature specific to CHAOS, and differentiates it from CCAM.
2. Pulmonary sequestration: Pulmonary sequestration appears as echogenic, homogenous lung mass with incidence being 90% in the left hemithorax [15] . Large lesions may compress the esophagus and thoracic veins and cause hydrops. Detection of a systemic artery from the aorta to the fetal lung lesion is a pathognomonic feature of fetal pulmonary sequestration. Bilaterality of this disease is rare though few cases have been described [15] . Key feature of tracheal enlargement which is specific to CHAOS is missing in pulmonary sequestration.
To conclude: CHAOS is a rare clinical fetal anomaly with characteristic imaging features on ultrasound and MRI. This condition without fetal/neonatal intervention is fatal, hence prenatal diagnosis is of vital importance. Prenatal MRI, due to multiplanariety and excellent spatial resolution, plays an important role in surgical planning through identification of the level of obstruction. Retrograde laryngogram helps in postnatal confirmation of this condition which is useful in counseling of the patient and management of such cases in the future.
Congenital high airway obstruction syndrome has remarkable and very constant features of congested lungs, inverted diaphragms and ascites on prenatal ultrasound and MRI. Identification of this syndrome on prenatal imaging is vital for prenatal/perinatal intervention of potentially amenable cases, thus emphasizing on the significance of multidisciplinary team involvement in the management of congenital high airway obstruction syndrome. 
Etiology
Complete/near complete obstruction of upper airways in a fetus. Incidence Rare, with its true incidence unknown, 36 prenatally diagnosed cases reported till 2007.
Causes
Laryngeal or tracheal atresia, subglottic stenosis, laryngeal cyst or laryngeal web.
Age predilection
Diagnosed between 18 to 31 weeks of gestation.
Gender predilection
None.
Diagnostic modality
Ultrasound and MRI.
Imaging Findings
Bulky and echogenic lungs, inversion or flattening of diaphragm, compressed heart, dilated trachea and fetal ascites on ultrasound and MRI.
Treatment
Fetal delivery with EXIT Procedure, Fetoscopic surgery.
Prognosis
Very poor.
Associated syndromes
Most cases of CHAOS are sporadic, however known as a part of Fraser syndrome. 
